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A kinetic Trapping Method for Evaluating One and Three Dimensional
Target Site Location Mechanisms of Human Uracil DNA Glycosylase
(UNG)
Joseph D. Schonhoft, James T. Stivers.
Maintaining the integrity of the encoded information within the human genome
is a significant challenge for DNA repair systems. One such system is uracil base
excision repair (BER) which begins by the action of Uracil DNA Glycosylase
(UNG) that functions to remove incorporated uracils within the genome. While
the enzymatic mechanisms and structures of BER glycosylase enzymes includ-
ing UNG have been extensively studied, the diffusional mechanism by which
these enzymes locate their target lesions efficiently among the high background
of normal DNA is not well understood. A strategy that has been proposed is the
use of facilitated transfer of the enzyme along DNA by non-specific DNA-pro-
tein interactions, which serves to increase the speed of target site location by re-
ducing the search dimensionality from three to one dimension. While UNG and
other glycosylases are considered to employ this strategy, the exact details are
largely unknown. Here we describe a novel approach to unravel the short range
DNA transfer mechanism of UNG using small molecule inhibitors that kineti-
cally trap transient dissociated intermediates along the transfer pathway. We
find that there is a very high probability that an UNG molecule will dissociate
from DNA in the process of transferring between two uracil sites separated by
only 20 bp along DNA. We use this kinetic trapping approach to estimate the
net rate of intermolecular transfer between uracil sites as a function of site spac-
ing, providing the first quantitative ensemble measurements of site transfer rates
of a DNA repair enzyme.
382-Pos Board B182
Insights on Copper Coordination and Reactivity of Endonuclease EcoRI
by ESR Spectroscopy and Modeling
Ming Ji, Zhongyu Yang, Preeti Mehta, Linda Jen-Jacobson, Sunil Saxena.
Restriction endonuclease EcoRI cleaves a specific six base pair sequence of
DNA in the presence of some divalent metal ions such as Mg2þ. Cu2þ, on the
other hand, does not catalyze the cleavage of DNA by EcoRI. To understand
the functional difference between Cu2þ and Mg2þ, electron spin resonance
(ESR) spectroscopy was used to determine the local environment of Cu2þ in
EocRI. Two Cu2þ components are observed from the continuous wave-ESR
spectrum. Electron spin echo envelope modulation (ESEEM) spectra under dif-
ferent external magnetic fields have contributions from both of the two Cu2þ
components (except at a lowmagnetic field). Both components contain peaks be-
low 2 MHz and broad peaks at ~4 MHz. A peak at ~14 MHz corresponding to
proton ESEEM is also observed in each spectrum. To quantitatively analyze
the spectra, we developed a theoretical simulation package to simulate these
spectra. Based on the simulation, both of the two Cu2þ components have
a 14N of histidine imidazole coordinated to Cu2þ. The peaks below 2 MHz
and at ~ 4 MHz are assigned to the nuclear quadrupole interaction and the
double quantum transitions of the remote 14N of histidine imidazole, respec-
tively.We discoveredH114 of EcoRI coordinates to the Cu2þ, based on distance
measurements using double electron electron resonance spectroscopy. And mo-
lecular dynamics simulation confirms the coordination of H114 to Cu2þ. These
results help us to get an understandingof the different coordination environments
between Cu2þ and Mg2þ in EcoRI-DNA, and thus to explain the functional dif-
ference between them. This work supported by NSF.
383-Pos Board B183
Unusual DNA-Binding Kinetics of the Restriction Endonuclease EcoRV
Nina Y. Sidorova, Shakir R. Muradymov, Renee M. Royal, Donald C. Rau.
We have applied a self-cleavage assay, developed previously by us, to measure
EcoRV-DNA binding in solution. Self-cleavage assay monitors only enzymati-
cally competent complexes of the endonuclease. This technique does not have
the limitations of more commonly used gel mobility shift assay while providing
the same level of sensitivity.We found that the EcoRVhas quite unusual kinetics
of specific complex formation in the absence of divalent ions that was not re-
ported previously. A significant fraction of the total enzyme, ~ 45%, forms en-
zymatically competent complexes unusually slowly, especially at pH 7.6. This
novel result can be explained by a very slow transition between two conforma-
tions of the free enzyme in solution. The equilibrium distribution of the slowly
and quickly associating protein structures and their exchange kinetics may de-
pend on many parameters including pH, salt, osmolytes, and divalent cations.
The observation of at least two kinetics components in association indicates
that EcoRV is an allosteric protein with at least two conformations. Allosterism
is now recognized as important concept for DNA-protein complexes, offering an
additional level of control over binding and activity. We are continuing our in-
vestigation into theEcoRV structures responsible for the different kinetic classes
of association.384-Pos Board B184
Lambda Exonuclease Activity Measured Using Optical Tweezers with
Active Force Clamp Control
Heikki Ojala, Kalle Hanhija¨rvi, Anders E. Wallin, Gabija Ziedaite, Dennis
H. Bamford, Edward Hæggstro¨m.
Exonucleases are part of many genetic recombination and repair systems. We
use high-resolution optical tweezers to study bacteriophage lambda exonucle-
ase. We trap a dumbbell construct (bead-DNA-bead) in an inverted microscope
by dividing a CW laser beam into a stationary trap and a steerable trap. The in-
ter-trap distance is actively controlled with 200 kHz update rate by acousto-op-
tical deflectors (AOD) and field programmable gate array -card. In addition, we
control the sample temperature by flowing heating fluid through aluminum
jacket around the trapping objective.
We follow the exonuclease activity through the length change of a 48kb
dsDNA template to ssDNA-form. The dsDNA tether is attached from one
strand to two streptavidin coated beads, leaving one 5’ phosphorylated end
free for exonuclease to start catalytic removal of mononucleotides. At low
forces the length of the ssDNA is significantly shorter than the dsDNA. The
template is held in a dumbbell construct at constant force with active feedback
control. This allows us to follow the enzymatic activity of the lambda exonu-
clease over ten micrometers while simultaneously applying a constant load be-
tween 0 and 50 pN. We apply different loads on the DNA template to measure
how the template tension affects the activity of the lambda exonuclease. We
also measure the activity under different ambient temperatures.
385-Pos Board B185
Two ReCA Domains Comprise a Minimal Functional Unit of the Human
BlM Helicase
Mate Gyimesi, Kata Sarlos, Mihaly Kovacs.
HumanBloom’s syndrome helicase (BLM), amember of the RecQ family, plays
key roles in homologous recombination (HR) based DNA repair mechanisms.
BLM is a multidomain protein comprising four major domains. i, The large N-
terminal domain is responsible for oligomerization of the helicase, and for main-
taining protein-protein interactions required for double Holliday-junction (DHJ)
dissolution andD-loop disruption. ii, The core of BLMconsists of two conserved
RecA domains that form the ATP-binding cleft and bind unwound DNA seg-
ments. iii, The conserved RecQ-C-terminal domain (RQC) is located down-
stream of the RecA domains. This domain contains the Zn2þ-binding region
which is essential for correct folding. iv, The C-terminal HRDC (helicase- and
RNase-D C-terminal) domain is indispensable for DHJ dissolution. In a quest
for the minimal functional helicase core of BLM, we produced a series of trun-
cated constructs and tested them for ssDNA binding and translocation, duplex
unwinding, and clearance of hRad51 recombinase-nucleoprotein filaments. Sur-
prisingly we found that the deletion of the N-terminal and HRDC domains
(BLM642-1077) did not change the activity profile of BLM compared with the
widely usedRecQ-homolog construct (BLM642-1290), and the strand annealing
activity was also retained. Moreover, a construct comprising only the two RecA
domains (BLM642-1005), thus lacking even the RQC domain, unwound
splayed-arm double stranded (ds) DNA substrate and displayed hRad51-clear-
ance activity.However, this construct exhibited no ssDNA-dependent enzymatic
activation, indicating no ssDNA translocation. In summary, these results suggest
that the ‘helicase core’ of DEAH-box BLM works similarly to the DEAD-box
RNAhelicases (Vasa, eIF4A) inwhich the twoRecAdomains are capable of dis-
rupting short dsRNA regions and nucleoprotein filaments with no processive
translocation. In this sense, additional domains of BLMdisplaymodulatory part-
ner-like functions increasing processivity and providing specific activities.
386-Pos Board B186
Single Molecule Fluorescence and Force Measurements on PcrA Helicase
Christopher P. Toseland, Christopher Batters, Claudia Veigel.
DNA helicases are multi-functional motor proteins catalysing DNA unwinding
using the energy derived fromATP hydrolysis. Themonomeric bacterial helicase
PcrA is one of themost characterized and it is known to unwindingDNA,moving
one base per ATP. PcrA and the plasmid encoded replication initiator protein,
RepD, act together during plasmid replication. RepD is a dimer andbinds to a spe-
cific origin sequence containing inverted complementary repeat (ICR) elements.
RepD binds to these elements and then nicks at a specific site exposing a single
stranded region. PcrA helicase then binds to the ssDNA and begins unwinding.
We have used a combination of high resolution optical tweezers and total inter-
nal reflection fluorescence microscopy to measure PcrA helicase activity. A
DNA substrate, containing the ICR elements and a 5’ biotin, was bound to
a bead. Following incubation with RepD, the DNA complex binds to the heli-
case which is immobilized on the flow cell surface.
Optical tweezers can be used in a passive state to measure unwinding rates or in
a force feedback mode to measure stalling forces. Our experimental design
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Supported by DFG, SFB 863, Freidrich Baur-Stiftung and EMBO.
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Displaced Strand Regulation of Facxpd Helicase Activity
Zhi Qi, Robert A. Pugh, Maria Spies, Yann R. Chemla.
FacXPD is the archaeal homolog of yeast Rad3 and human xeroderma pigmento-
sum group D protein (XPD) helicase from Ferroplasma acidarmanus. This en-
zyme serves as a model for understanding the molecular mechanism of human
Superfamily 2 helicase XPD involved in both transcription initiation and nucleo-
tide excision repair, and for the related 5’-3’ helicases FancJ, Rtel and ChlR1 im-
portant for maintaining genomic integrity and DNA repair. We developed
a single-molecule, high-resolution optical tweezers assay to decipher the mecha-
nism by which a single XPD helicase unwinds dsDNA while translocating in the
5’-3’ direction. This assaymonitors the unwinding of an 89-bp DNA hairpin sub-
stratewith singlebase pair resolution.Our substrate design allowsus to control the
length of a poly-dTssDNA‘‘translocation’’ strand (the strand towhichXPDbinds
and along which it translocates), and a ‘‘displaced’’ strand (the strand displaced
upon unwinding the duplex), located at the 5’ and 3’ tails of the hairpin, respec-
tively. We found that the displaced strand interacts with XPD and that this inter-
action controls the helicase activity. When the 3’ tail of the substrate hairpin is
substituted for dsDNA, a single XPD molecule displays repetitive ‘‘non-proces-
sive’’ bursts of substrate unwinding in which only ~10-bp of the hairpin is un-
wound at a time. However, in the presence of a ssDNA displaced strand (of
length ranging from 3 to 10 nt), we observe two types of activity: the same 10-
bp non-processivemode as above, and also a ‘‘processive’’ mode inwhich the en-
tire 89-bp hairpin is unwound. These data suggest two different bindingmodes for
XPD resulting in non-processive or processive unwinding which are regulated by
its interactionwith the displaced strand.Wepropose amodel for how the domains
of XPD bind to its DNA substrate in these two modes.
388-Pos Board B188
Investigating Hexameric Helicases: Single-Molecule Studies of DnaB and
T4 Gp41
Noah Ribeck, John Berezney, Omar A. Saleh.
Hexameric, ring-shaped motor proteins serve as replicative helicases in many
systems. They function by encircling and translocating along ssDNA, denatur-
ing dsDNA in advance of its motion by sterically occluding the complementary
strand to the outside of the ring. We investigate the helicase activity of two such
motors using single-molecule measurements with magnetic tweezers. First, we
measure the activity of the E. coli helicase DnaB complexed with the tau sub-
unit of the Pol III holoenzyme. Tau is known from bulk measurements to stim-
ulate DnaB activity (Kim et al., Cell, 1996); we investigate the means of this
stimulation. Second, we measure helicase activity of the T4 phage helicase
gp41 in multiple tethered DNA geometries. Previous work on DnaB showed
a dependence of helicase activity on DNA geometry (Ribeck et al., Biophys.
J., 2010); here, we test gp41 for similar behavior to see whether it is a common
characteristic of hexameric helicases.
389-Pos Board B189
The Escherichia Coli PriA Helicase Specifically Recognizes Gapped DNA
Substrates
Michal R. Szymanski, Maria J. Jezewska, Wlodek Bujalowski.
The primosome is a multi-protein-DNA complex that catalyzes the priming of
the DNA during the replication process. In Escherichia coli, PriA helicase plays
a fundamental role in the initiation of the ordered assembly of the primosome.
PriA is involved in recombination and repair processes being a major factor
that initiates the restart of the stalled replication fork at the damaged DNA sites.
This happens, presumably, through the recognition of the damaged DNA site
structure though the nature of this recognition process is unknown.Herewe pres-
ent quantitative studies of the ssDNA gap recognition by the PriA helicase and
the effect of the nucleotide cofactors on the recognition process. The data indi-
cate a surprisingly lowminimum total site size of the enzyme in the gap complex,
which is ~7 nucleotides or bp as comparedwith the site size of ~20 nucleotides of
the enzyme-ssDNA complex. The low stoichiometry indicates that the helicase
exclusively engages the strong DNA-binding subsite in the gap complex and as-
sumes a very different orientation, compared with the complex with the ssDNA.
The PriA helicase binds the ssDNA gaps with 4-5 nucleotides with the highest
affinity without engaging in cooperative interactionswith the enzymemolecules
associatedwith the surrounding dsDNA.Binding of ADP to strong andweak nu-
cleotide-binding sites of the enzyme profoundly affects the affinity and stoichi-
ometry of the helicase-gapped DNA complex. These observations are of
fundamental importance for understanding of the enzyme mechanisms in both
replication and recombination processes.390-Pos Board B190
Direct Observation of Replicative Helicase DnaC by Single-Molecule
Tethered Particle Motion (TPM) Experiments
Shih-Wei Liu, Yu-Hua Lo, Hung-Wen Li, Chwan-Deng Hsiao.
DNA helicases play essential roles in DNA replication, repair and recombina-
tion. Geobacillus kaustophilusGkDnaC is a hexameric helicase that unwinds
DNA in a 5’ to 3’ direction during DNA replication. In this study, we developed
a single-molecule tethered particle motion (TPM) experiment to monitor indi-
vidual GkDnaC helicases unwinding fork-like 90 bp DNA molecules in real-
time. The increasing Brownian motion of DNA tether correlates with ssDNA
product unwound by GkDnaC helicase with strong ATP dependence, allowing
the determination of unwinding rates at the single-molecule level. The average
unwinding rate ofGkDnaCalone is determined to be 3.58þ/- 0.89 (bp/s) at 5mM
ATP.WhenGkDnaC is complexed with primase (GkDnaG), the unwinding rate
showed a ~ two-fold increase, consistent with the increased unwinding product
by GkDnaC/DnaG complex in the ensemble gel-shift experiments. However,
whenGkDnaC is associatedwith a helicase loading factor,GkDnaI, the complex
revealed no DNA unwinding activities. These results suggest that the assembly
of a stable pre-primosome efficiently speeds up the unwinding process. We also
investigated the effect ofGkDnaC-ssDNA interactions on the unwinding rates.A
R332A mutation, in which an arginine-mediated DNA binding through salt-
bridging with phosphate backbones of ssDNA is removed, accelerates the un-
winding rate 2~3-folds. Mutations on other residues not related to DNA binding
do not alter the unwinding rates. These single-molecule measurements suggest
that enzyme translocation on the ssDNA plays an imperative part in the unwind-
ing process.
391-Pos Board B191
Position-Specific DNA Base Pair ‘BREATHING’ at the Replication Fork
Junction Regulates Helicase Access
Davis Jose, Steven E. Weitzel, Peter H. von Hippel.
We previously used near UV circular dichroism and fluorescence spectroscopy
of DNA base analogues to measure position-specific DNA ‘breathing’ fluctua-
tions at model replication fork DNA constructs (Jose et al., PNAS, 106, 4231,
2009).Building on that studywehave now site-specifically inserted 2-aminopur-
ine bases into such constructs on both sides of the fork junction as spectroscopic
probes tomonitor specific interactions with an unwinding helicase in ‘real time’.
The tight-binding, stable and highly active primosome assembly of the bacterio-
phage T4 DNA replication systemwas used as the helicase, and was formed into
an active unwinding initiation complex by assembling T4 helicase and primase
subunits in a 6:1 subunit ratio in the presence of the non-hydrolyzable GTP-an-
alogue, GTPgS. (The addition of hydrolyzable GTP to this initiation complex
results in complete unwinding of the model replication fork.) The binding of
this helicase initiation complex at the replication fork, primarily via backbone
contacts with the leading strand, traps the first breathing base pair of the fork
in an open conformation. The other base and base pair positions were examined
to map the interactions of the bound helicase on both sides of the fork. These
results suggest that this replication helicase unwinds DNA by a primarily
‘passive’ mechanism, with unwinding depending on DNA breathing.
392-Pos Board B192
Ultrafast Fluorescence Decay Profiles Reveal Differential Unstacking
of 2-Aminopurine Residues Positioned Within Binding Subsites of a
Single-Stranded DNA Binding Protein
Hieu-Ngoc Nguyen, Liang Zhao, Carla W. Gray, Donald M. Gray,
Tianbing Xia.
DNAs bound by proteins are kinetically dynamic and exist in multiple confor-
mations, including conformations that differ in stacking interactions. We have
utilized ultrafast time resolved fluorescence spectroscopy to investigate
changes in base stacking of single-stranded DNA (ssDNA) upon binding of
the dimeric gene 5 protein (g5p) of fd, f1, and M13 strains of E. coli bacterio-
phages. DNA oligomer hairpins of 44 nucleotides were designed to have two
antiparallel 16-nucleotide ssDNA tails for binding of a cluster of g5p dimers.
Otherwise identical oligomers each contained a single fluorescent 2-aminopur-
ine (2AP) base. Time domain fluorescence measurements showed that the label
exists in an ensemble of conformations, including stacked, partially stacked,
and unstacked species that are altered upon binding of the g5p. Two oligomers
had 2AP labels at different subsite locations within one of the four-nucleotide
DNA-binding sites of a given g5p monomer when the oligomers were saturated
with g5p. These labels showed increases of the unstacked conformation from
22-24% for the free DNAs to 47-74% for the bound DNAs, where the extent
of this increase was specific for the subsite location within the DNA-binding
site of the g5p monomer. Time resolved anisotropy measurements indicated
that the 2AP labels were in relatively inflexible conformations within the
g5p-saturated oligomers.
